A new and improved model of red sprites is presented. Emphasis is placed in accounting for the puzzling observation of the spatial structure in the red sprite's optical emissions. The model relies upon a horizontal fractal lightning discharge, which generates the EMPs that excites the optical emissions in the lower ionosphere. It is shown that the fractal model may account for the observed sprite's spatJolly structured optical pattern, while reducing the typical charge threshold to approximately 100 C.
Introduction
Observations of optical emissions at altitudes be- there is yet no theoretical explanation for the presence of such striated emissions. It is the purpose of this letter to provide the first theoretical model that accounts for the presence of fine structure. It will be shown that the model not only accounts for the structure, but simultaneously reduces the required charge for the lightning discharge driving the red sprites, which have a total optical emission of 100 kR, to levels more consistent with observational requirements.
The model presented here is based on electron energization in the lower ionosphere due to lightning induced transient electromagnetic pulses. However, previous considerations of the lightning induced electric fields were based on horizontal [Milikh et al., 1995] [Uman, 1987] . A fractal structure is shown in Fig 2. The current is assigned at every branching point by satisfying current conservation.
As the current propagates along the dendritic arms of this horizontal fractal, our lightning discharge model radiates upwards, in the z direction, as a fractal antenna. A convenient measured of the amount of energy radiated in a given direction is defined by an array factor R(r) = c• f dtE2(r, t). One method to generate a spatial structure is to require r/At/c > 2•r, i.e., n! > 50. [Gurevich, 1978] , which for the field frequencies and heights of interest, can be aonsidered as independent of time. 
Spatio-temporal emission pattern
The spatio-temporal emission pattern from the fractal discharge structure can now be computed from the field pattern that includes self-absorption. We take a height dependent mid-latitude night time electron den- [Lyons, 1996] ). In our example, the time averaged emission pattern is shown in Fig. 4 , for the discharge of Q -100 C, in dBs (base 10 logarithmic scale) with respect to the averaged emission in the computational region. Note how the optical emission pattern shows clear spatial structure. The maximum intensity measured is about 100 kR for an optimal column integration. The optical intensity can be scaled by adjusting Io and ,3 since E 2 ,-• lo 2/3 2.
Concluding Remarks
A novel model (Fig. 1) of red sprites was presented, that includes that the low altitude lightning has a fractal structure which reflects in the subsequent optical emission pattern. The optical emission pattern depends on the structure of the discharge, but we conjecture that the most relevant parameter in determining the spatial structure of the emissions is the dimension of the selfsimilar fractal.
The other variable that affects the intensity of the fields is the amount of charge discharged.
This model is the first one to account for the fine structure of the sprites. Furthermore, it can generate a sprite with a typical charge value of 100 C, a value significantly lower than required by monopole and dipole models. Assuming the qualitative model of Lyons [1996] we can correlate a charge of Q • 100 C with the statistics of +CG discharges. Such a discharge seems to occur about 5 % of the time [Uman, 1987] From the presented model follows that the main body of the sprites is constrained between 80-90 kms in height.
The latest observations reveal filaments that can be described as streamers propagating down from the main body of the sprite with a cross-sectional diameter of 100 m or less. Given the nucleated spatial structure in the conductivity produced by the fractal lightning discharge, the streamers would start naturally in the presence of a laminar field. Therefore, a comprehensive model of sprites, that includes the main body produced by the fractal lightning and the subsequent streamer development, has to be developed. Such streamer concept naturally allows for the expansion of the sprite to a wider range in heights. We are currently working on resolving the relevance of this interesting issue.
